This study sought to optimize the extraction and enzymatic treatment conditions of Panax ginseng leaves, stems, and roots for the production of fermented ginseng. The optimization enhanced the extraction of total saccharide, a nutrient and growth-activating factor for Lactobacillus bacteria. The hydrolysis of ginseng leaves, stems, and roots was tested with eight enzymes (Pentopan, Promozyme, Celluclast, Ultraflo, Pectinex, Ceremix, Viscozyme, and Tunicase). The enzymatic hydrolysis conditions were statistically optimized by the experimental design. Optimal particle size of ginseng raw material was <0.15 mm, and optimal hydrolysis occurred at a pH of 5.0-5.5, a reaction temperature of 55-60 o C, a Ceremix concentration of 1%, and a reaction time of 2 hr. Ceremix produced the highest dry matter yield and total saccharide extraction. Ginseng leaves were found to be the most suitable raw material for the production of fermented ginseng because they have higher carbohydrate and crude saponin contents than ginseng roots
INTRODUCTION
Korean ginseng belongs to the Panax genus in the family Araliaceae. It grows primarily in northern China, Korea, and eastern Siberia and is a popular herbal remedy that has been used in Asia for several thousand years. Studies have demonstrated the beneficial effects of ginseng in treatment of diabetes [1] , the central nervous system [2] , cancer [3] , the immune system [4], blood pressure [5] , inflammation [6] , and allergies [7, 8] . Saponins (ginsenosides) are considered to be the main active polysaccharide component of ginseng, and more than 40 ginsenosides have been identified [9] [10] [11] . Non-saponin physiological components of ginseng include polyacetylene, phenolic compounds, acidic polysaccharides, peptides, and alkaloids [9] [10] [11] . Human health is increasingly threatened by factors related to industrialized civilization, environmental pollution, increased income, rising standards of living, overnutrition, and increased fat intake. Health foods and herbal medicines have therefore attracted increasing attention.
Recent studies have employed new technologies to maximize the herbal benefits of ginseng, and have focused on the development of new ginseng health products [12] [13] [14] . Fermented ginseng has received particular attention because it contains structurally modified ginsenosides that enhance the herb's beneficial effects. Structural modifications can be achieved with treatments that employ heat [15, 16] , mild acids [17, 18] , alkalines [3, 19] , and micro-organic enzymes. For example, ginsenoside Rb1 has been transformed to Rd in Rhizopus sp. with enzyme treatment [20] , ginsenoside Rb 1 has been hydrolyzed by β-glucosidases from human intestinal bacteria [21, 22] The active compounds in orally administered ginseng must be degraded in the digestive system to yield the desired pharmacological effects. Polysaccharides obtained from the plant can be metabolized by the enzymes of human intestinal bacteria such as Lactobacillus [25] , but not by human digestive enzymes. Furthermore, the active compounds in ginseng are not simply saponins, but saponin metabolites hydrolyzed by intestinal bacteria [25] . The metabolic pathway and absorption rate of ginseng saponins therefore depend on various factors of the intestinal bacteria [26] . Bacterial or enzymatic transformation of saponin can be induced by a process in which bacterial â-glucosidase hydrolyzes the saccharides of saponin. Each bacterial hydrolytic enzyme is characterized by a specific saponin substrate and preferred cleavage site [27] .
Unfortunately, most studies of ginseng leaves and stems, the by-products of ginseng processing, have been limited to the simple analysis of ginsenoside content and nutritional factors [28, 29] . Some recent studies, however, have focused on the pharmacological effects of compounds in ginseng leaves and stems. This research has revealed that ginseng leaves have a higher saponin content than that of the roots (~4 to 5 times) and stems (>9 times) [30] [31] [32] [33] . The efficient use of these ginseng by-products has therefore become a matter of interest. Fermented ginseng production has traditionally used only the roots, but we expect that the leaves and stems may also be very useful. Treatment of enzymes before fermentation may also improve the efficiency of fermented ginseng production.
The production of fermented ginseng has primarily employed Lactobacillus, which has important nutritional requirements. The components in ginseng must be hydrolyzed to allow their efficient uptake as a nutritional source. The present study thus aimed to optimize hydrolysis conditions to maximize the extraction of total saccharide in the leaves, stems, and roots of ginseng.
MATERIALS AND METHODS

Ginseng and reagents
The leaves, stems, and roots of 6-year-old Panax ginseng plants were provided by the Gimpo Agricultural Technology Center (Gimpo-si, Gyeonggi-do, Korea). Pentopan, Promozyme, Celluclast, Ultraflo, Pectinex, Ceremix, and Viscozyme carbohydrate hydrolases were purchased from Nordisk A/S (Copenhagen, Denmark), and Tunicase of Athrobacter sp. ATCC 21712 was obtained from Diawa Kasei (Okazaki, Japan). All other reagents used in this study were of analytical grade.
Determination of the contents of proximate compositions and crude saponin
The contents of proximate compositions (i.e., moisture, ash, crude lipid, crude protein, and crude fiber) were determined according to recommended protocols in the 'Food Code' [34] , using the air-oven method, dry ashing Soxhlet extraction, the semimicro-Kjeldahl method with a 6.25 nitrogen coefficient [35] , and the Henneberg-Stohmann method, respectively. Carbohydrate content was then calculated by subtracting the sum of crude protein, total fat, moisture, and ash from the total weight of the sample. Crude saponin content was measured using the analytical protocol for red ginseng compounds described in the 'Food Code' [34] . Each 5 g sample of ginseng leaves, stems, and roots was suspended in 50 ml of water-saturated butanol. Extraction was performed three times at 85 o C for 1 hr in a water bath (SWB-10, Jeio Tech, Korea). All extracts were combined and centrifuged at 3,200 rpm (1,969 x g) for 10 min using a Union 55R centrifuge (Hanil, Korea). Distilled water (50 ml) was added to the supernatant, and the mixture was incubated at room temperature for 6 hr. After removing the water layer, extracts in the water-saturated butanol were concentrated with a vacuum evaporator at 80 o C. Ether (50 ml) was added to the extracts and they were incubated at 46 o C for 30 min. The extracts were then dried at 105 o C for 20 min, and dry weight was measured to calculate the crude saponin content.
Enzymatic treatment
Ginseng leaves, stems and roots were pulverized using a KT-34 machine (Korea Medi Co., Ltd., Korea), and separated by particle size (<0.15 mm, 0.15-0.18 mm, and 0.18-0.28 mm). Distilled water containing 6% (w/v) pulverized ginseng was mixed with 1% (w/w) polysaccharide hydrolase, and incubated at 40-50 o C for 2 hr in a water bath (SWB-10). After enzymatic hydrolysis, the mixture was centrifuged at 3,200 rpm (1,969 x g) for 15 min using a Union 55R centrifuge, and the dry matter yield and total saccharide in the supernatant were determined. The characteristics of the eight carbohydrate hydrolases used in this study are summarized in Table 1 .
Experimental design to optimize extraction
To optimize the enzymatic hydrolysis conditions for extracting total saccharide from ginseng leaves, stems,
